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DESCRIPTION 



1 

INTERFERENCE .'SIGNAL CANCEL I NG APPARATUS AND INTERFERENCE 



SIGNAL CANCELING MEMOD 

i 



Tectinxcal Fx^d. 



The pr'esent invention relates to an Interference 
signal canceling apparatus and an interference signal 
canceling metlhod f which are used in a mobile communication 
system of CPMA(Code Division Multiple Access ) system. 

) 
I 

Background arjt 

Since^j in a mobile communication system of the CDMA 
system, signals of a plurality of users are transmitted 

i 

in the same ba|nd, signals that are received by a receiving 

1 

side apparatiis are subjected to interference caused by 

various signajls, and the characteristics of the received 

i 

signals may d/eteriorate* 

Convenitionally , as an apparatus for canceling 

1 

interference | signals , there are apparatuses described 

i 

in 1) "Sequlcntial Channel Estimation Type Serial 
Canceller Using a pilot Symbol in DS-CDMlA (Technical 
Bulletin, RCS95-50^ July, 1995, Radio Cominunication 
System Researjch Society of the Institute of Electronics, 
Information ^nd Communication Engineers)" authored by 

Sawahashi, Milkif Andoh, and Higuchi, 2) "Sequential 

j 

Transmission j Line Estimation ^ype CDMA Multistage 



Interference Canceller utilizing a Symbol Replica Process 

(Teclinical Biilletin, RCS96-171, February, 1997, Radio 

1 

communication System Research Society of the Institute 

i 

of EJLectror^ics , information and Commnnication 
Engineers)"' ^uthored by Yoshida and ushirokawa, and 3) 
"Study of CDMA Interference Canceller in an Upstream 
Line (Technical Bulletin, KCS96-121, January, 1997, Radio 
communication System Research Society of the Institute 

of Electroidics ^ Information and Communication 

i 

Engineers)'' jwritten by Uesugi, Katoh, and Honma . 
Hereinafter, jfche above-described three apparatuses are, 

respectively jj called 1) Serial type Interference Signal 

! 

Canceling Apparatus , 2) parallel type interference signal 
Canceling Apparatus, and 3) Symbol Ranking Type 
Interference jSignal Canceling Apparatus - 

In any ohe of the above-described three apparatuses , 

1 

replica signajls are generated by received signals, and 
the replica ^ignals are subtracted from the received 
signals r wnereby interference signals are eliminated from 
the received! signals. In the above-described three 
apparatuses, | the received signals are provisionally 

i 

decided after! having been despread, and replica signals 
are generatJd by re-spreading the results of the 
provisional (decision. Since re-spreading processing is 

required to {generate the replica signals, it is not 

I 

possible to gjenerate the replica signals as long as the 
symbol rate ot spreading factor of the received signals 

i 



1 

is not made cflear. 



Hcr^elrj, ±n the c^^e wtxexe a oommuniciit ion protocol 

in which the] symbol rate (that is ^ transzaission rate) 

I 

of signals varies frame by frame is used in a communication 
5 system, the spreading factor also changes in response 
to changes ii^' the symbol rate. Therefore, in any of the 
above-descrifoed conventional interference signal 

i 

canceling apparatuses, no replica signal of a frame can 

■-^^ be generated junless signals corresponding to one frame 

[Til ' 

10 are demodulatled . 

^ \ 

^ Specifjically , in the case where the symbol rate 

'^4 of data channjel signals varies frame by f rame ^ as shown 

in PIG-1, the Jabove-described conventional interference 

p signal canceling apparatuses cannot decide the symbol 

2 15 rate of the datpa channel signals until 15 slots { equivalent 

j{ to one frame) jof control channel signals TFCI (Transport 

Format Combin.]atxon Indicator) , for which the symbol rate 

is fixed, jare received. Xn other words, the 

above-descriljed conventional interference signal 

20 canceling apparatuses cannot decide the spreading factor 

t 

of the data channel signals until 15 slots of the control 

I 

channel signjals TFCI are received- That is, the 
above-descritied conventional interference signal 
cancelxng app^^ratuses cannot generate any replica signal 

25 until 15 slot's of the control channel signal TFCI are 

! 

received - Therefore, in the above-dea cribed convent ional 

interference signal canceling apparatuses , such a problem 

i 
j 
t 
i 



i 
I 

'] 4 

i 
) 
I 

arises , in which a delay until a replica signal is generated 

becomes one jCrame at a xnlnlmumy^ and the delay time is 

t 

made very loilg . 

I 

t 
t 

Disclosure Invention 

It is t|lierefore an object of the present invention 

j 

to provide aa interference signal canceling apparatus 
and an interference signal canceling method, which can 
reduce the delay until a replica signal is generated, 

and improve tlie receiving performance of a radio receiving 

I 

apparatus . | 

I 

The inventors of the present invention found out 

that with rest^Ct to a received signal with a particular 

I 

symbol rate^ jthe symbol rate of the received signal is 
decided by ojbtainitig a despread result (correlation 

value) per oijie symbol for each candidate symbol rate^. 

i 

and comparing the despread results, and carried out the 
present invenjtion - 

Thereflore^ in order to achieve the above-described 

object, the p^jresent invention attempted to reduce a delay 

i 

until a repliica signal is generated, by generating the 

1 

replica signal by performing re — spreading processing with 

a spreading cbde corresponding to a symbol rate that is 

decided prioij: to receiving signals equivalent to one 

frame. i 
I 

t 
I 

Brief Descripjtion of Drawings 



FIG. 1 jis an exemplary view showing a slot framework 
of a data ch4nnel and a control channel? 

FIG. 2 jis a block diagram of the major parts showing 
a brief conf idfurat ion of an Interference signal canceling 

apparatus according to a first embodiment of the present 

j 

invention; | 

FIG, 3 %3 a block diagramof the major parts , showing 

a brief configuration of ICU of the first stage and second 
i 

staa^ of an ! interference signal canceling apparatus 

! 

according to the first embodiment of the present 

i 

invention ; 

I 

FIG- 4 |Ls ablock diagram of the major parts , showing 

j 

a brief conf i^nration of ICUs of the third stage of an 

t 

interference jsignal canceling apparatus according to the 
first embodiinjent of the present invention? 

PIG- jsA is an exemplary view showing the 

i 
I 

relationship between a received signal r which is inputted 

into an interfjerence signal canceling apparatus according 

I 

to the first j embodiment of the present invention, and 

t 

a spreading cbde by which the received signal is spread; 

PXG , isB is an exemplary view showing the 
relationship between a received signal, which is inputted 
into an interfjerence signal canceling apparatus according 
to the first embodiment of the present invention, and 
a spreading cbde by which the received signal is spread; 

FIG, }5C is an exemplary view showing the 
relationship between a received signal , which is inputted 



into an int:er:^erence signal canceling apparatus accQirding 
to the first I embodiment of tlie present invention, and 
a spreading cbde by which the received signal is spread; 

FIG. !5D is an exemplary view showing the 

I 

5 relationship between a received signal^ which is inputted 

into an interf jerence signal canceling apparatus according 

I 

to the first lembodiment of the present invention, and 

i 

a spreading c<j>de by which the received signal is spread; 

FIG. 6 :jLs ablock diagram of the major parts , showing 
10 a brief configuration of a correlation value calculation 



t!h€ 

] 

canceling apjgJaratus according to the first embodiiaont 



section for t!he data channel of an interference signal 

1 



of the presenjt invention; 

FXG- 7 is a block diagram of the ma jor parte / showing 

15 a brief configuration of a correlation value calculation 

I 

section for tihe data channel of an interference signal 
canceling appiaratus according to a second embodiment of 
the present ijivention; 

FIG. 8 is a block diagram of themajor parts , showing 

j 

20 3. brief conf ijgurat ion of an ICXJ of the first stage and 
second stage! of an interference signal canceling 
apparatus accjjrding to a third embodiment of the present 
invention? an?i 

FIG. 9 is a block diagramof thema jor parts / showing 



25 a brief configuration of a correlation value calculation 

i 

section for the data channel of an interference signal 
>aratus according to the third embodiment 



canceling app 



1 



' i 



of the preserit: invention. 

f 

i 

] 

Best Mode for carrying Out the present invention 

Hereiriaf ter , a detailed description is given of 

5 the enLbodimerits of the present invention with reference 

1 

to the accompjanying drawings - 
(Embodiment ij ) 

FXG* 2 jie a bloclc diagram of the major parts showina 

I 

a brief configuration of an interference signal canceling 

10 apparatus acclording to a first embodiment of the present 

J^Jf invention- ^Iso^ in the following description, a 

y- description ils given of the case, as an example, where 

f:.,^ it is assumed ^hat the number of stages of the interference 

p signal cancejling apparatus is three, the number of 

J? 15 communication partners is three, and the number of 

'^1 multipaths isj three • in addition, these numbers are just 

P I 

one example, iand the present invention is not limited 

i 

to these numbiers , 
I 

Purthepc , as shown in FIG» 2 , since the configuration 

i 

20 of the first ^tage is made the same as that of the second 

! 

Stage, parts showing the same sections are given the same 
reference nurfibers, and an overlapping description is 
omitted in thje secorid stage. 

In FIg| 2, a received signal is inputted into ICUs 
25 (Interference Canceling Units) 102-1 through 102-3, and 
a delayer 103| through an antenna 101. The delayer 103 
delays the redbeived signal by a processing time required 



by -the icus ^02-1 through 102-3 and outputs It into an 

1 

adder 104. \ 

1 

The icjus 102-1 through 102-3 are provided so as 
to correspond to coiuHiunioat ion partners 1 through 3, and 

5 generate replJica signals corresponding i:o the respective 

i 

commanicatioii partners- The conf igurat ion of the ICUs 
102-1 throug^L 102-3 will be described in detail later. 
The replica sjignale that are generated foy the ICUs 102-1 
through 102-3 are inputted into the adder 104, and at 
% 10 the same tiiue, are inputted into adders* 105-1 through 

W- i 
105-3. { 

In anj adder 104^ the replica signals o£ the 

id communicatioii partners 1 through 3 are subtracted from 

^ the received signals, whereby the replica signaXs of. all 

1 

15 comnvunicatiQiii partners are eXiminated from the received 

i 

signals- Siirnals (residual signals) obtained by 

^4 r 

O eliminating |:he replica signals of all communication 

partners fro^ the received signals are inputted into 
adders 105-1 jthrough 105-3, and simultaneously inputted 
20 into the delajyer X03 of the second stage. 

In thej adder 105-1, the replica signal of the 
conununicatioA partner 1 is added to the residual signals, 

i 

whereby the replica signals of the communication partner 
2 and those of j the communication partner 3 are eliminated 

i 

25 from the recjeived signals. That is, signals of the 
communicatioi^ partner 2 and those of the communication 
parrner 3, 4rhic,h will cause interference witU the 



cominunicatio'in partner 1 , are eliminated from the received 
signals , whe:i^ein desired signals about the commxinicat ion 
partner 1 canj be obtained- In the adders 105-2 and 105-3, 
a process siiriilar to that described above is carried out, 
and signals that will cause interference v/ith other 
comnvunication partners are eliminated from the received 

signals , wherein desired signals about the comiaunication 

i 

partners 2 aind 3 can be, respectively, obtained. The 

desired signalls thus obtained arer respectively, inputted 

into the XCOs 102-1 through 102-3 In the second st:age- 

Hereirji , in the second stage , an interference signal 

canceling apparatus according to the present invention 

improves the accuracy of the replica signals and the 

accuracy of canceling interference signals by repeating 

the pirocess iimilar to that described above, which was 

carried out %n the first stage. That, the greater the 

I ^ 
number of Stages is increased, the greater the 

int er f erence I s ignals provided from other communication 

partners are (eliminated about respective communication 

t 

partner-s - 1 

i 

Signal's added by adders 105-1 through 105-3 in the 
second stage jare inputted into ICUs 106-1 through 106-3 
of the third stage and demodulated therein, whereby 
demodulated Signals 1 through 3 of the communication 
partners 1 thorough 3 are obtained. The configuration of 
ICUs 106-1 througH 106-3 will be described later. 

Next, ;a description is given of the ICUs 102-1 



m 



i 

i 

j 10 

I 

-through 102-^ and ICUs 106-1 through 106-3. TIG. 3 is 
a block dxagjram of the major parts, showing a brief 
configuration of ICU of the first stage and second stage 
of an interf elcence signal canceling apparatus according 
5 to the first embodiment of the present invention* Also, 
FIG* 4 is a lj>lock diagram of the major parts, showing 
a brief conf ijguration of icus of the third stage of an 
interference jsignal canceling apparatus according to the 
first embodiment of the present invention. Also, all of 
10 the XCUe 102-lj through 102-3 in the first and second stages 
have the sajne configuration and perform the same 

operations* Also, the ICUs 106-1 through 106-3 in the 

t 

third stage iiave the same configuration and the same 

) 

operations, ajherefore, in the following description, a 

i 

15 description ijs given of only the xcu 102-1 in the first 
stage and XCU 106-1 in the third stage, each corresponding 
to a communicjation partner 1- And a description of the 
respective IjCUs corresponding to the communication 

partners 2 anjd 3 is omitted. Also, the ICU 102-1 shown 

I 

20 in FIG* 3 and lihe ICU 106-1 shown in FIG. 4 are constructed 

where it is aissumed that the number of multipaths to a 

1 

radio receiviing apparatus is three, and in FXG- 3 and 

r 

FIG. 4, sectipns for the respective paths are indicated 
I 

as PI through] P3 . Since the respective sections for the 
25 respective paiths have the same configuration and perform 
^ the same operations, a desczription is given of only E*l 
for the firetj path, and the description of P2 for the 



second path ajnd 1*3 fox ttie third path is omitted. 

In Fid- 3r the ICU 102-1 briefly includes a 
preceding st|ge SI in whicii a despreadiug process is 
carried out i with respect to received signals^ an 
intermediate j stage s2 in wliicix RAKE-combination and 
provisional d'ecision are carried out, and tbe last stage 
S3 in which rejE^lica signals are generated by a re-spreading 

prooes s - , 

•The r'^ceived signals are inputted into a 
correlation ^[alue calculation section 201 for a data 
ciiannel and a despreading section 202 for a control channel 
through an antjenna 101 , The correlation value calculation 
section 201 fpr a data channel carries out despreading 
processing wi|th respect to the data channel signals o£ 
the received ^ignals and decides the symbol rate of the 
data channel iignals. The correlation value calculation 
section 201 Jor a data channel outputs the results of 
the despreading to a multiplier 204 , and at the same time, 
informs a re-^preading section 2 03 of the decided symbol 
rate* The configuration of the correlation value 
calculation Section 201 for the data channel will be 
described later - 

on the pther hand, the despreading section 202 for 
a control chanpel carries out despreading processing with 
respect to th^ control channel signals of the received 
signals and oiutputs the results of the despreading to 
a channel estnjmation section 203 - The channel estimation 
1 



! 12 



section 203 Gharries Qut: a channel-estimat:ion on the basis 

of the results of the despreading, outputs a complex 

I 

conjugate of the channel-estimated values to the 

) 

multiplier 20(4 r and outputs the channel-estimated valvies 

to another lajiltiplier 207- In the multiplier 204 r the 

I 

results of tl^e despreading of the data channel signals 

1 

are multiplied by the complex conjugate of the 

channel-es t iyiated values, whereby a phase rotation of 

t 

the data channel signal is compensated- 

The re'sults of the despreading of the respective 

1 

paths Pi throjugh 1^3, which are multiplied by the complex 

I 

conjugate cjff the channel-estimated values is 

i 

RAKE-combine<a by the adder 205 in the intermediate stage 
S2, The RAKE-jcombined results are provisionally decided 

by a decider [206- The signals which have been subjected 

i 

to the provisional decision are multiplied by the 
channel-estiihated values by the multiplier 207 in the 

respective paths Pi through P3 in the last stage S3 and 

I 
I 

are inputted jlnto the re-spreading section 2 08- 

I 

The rje-spreading section 208 re-spreads the 
signals, which are outputted by the multiplier 207, by 
a spreading ciode corresponding to the symbol rate that 
has been dec|.ded by the correlation value calculation 

section 20 1 :^or the data channels The signals that have 

\ 

been re-sprea{d in the respective paths Pi through are 

I 

added by an ad^er 2 09 , whereby replica signals are obtained 
with respect ito the communication partner 1- 



Next, ja description is given of the ICU 106-1 of 

I 

the third st^go. As shown, in FIG- 4r the ICU 106-1 of 

the third sta^e has almost the same configuration as that 

i 

of the preceding stage si aad intermediate stage S2 of 
the ICU 102-1 shown in FIG. 3, Therefore, parts which 

i 

are identical to those in the tCU 102-1 shown in FIG. 

i 

3 are given th^ same reference numbers , and an overlapping 

j 

description c^f the relevant parts of the ICU 106-1 in 

1 

the third stadfs is omitted. A point in which the ICTJ 106-1 



differs from the ICU 102-1 resides in that the correlation 
I 

value calcul4tion section 301 for a data channel does 
not inform th^ subsequent stages of the symbol rate. This 
is because inj the third stage, demodulated signal 1 is 
outputted insjtead of the replica signal, and therefore 
the r e-spr eadjlng process is not required, whereby a symbol 

rate necessaicy for the re-spreading process is not 

I 

required alsoj. 

Next, a description is given of a correlation value 
calculation sjection 201-1 for a data channel in the first 
and second stages. FIG- 5A through FIG* 5D are exemplary 
views showing jthe relationship between a received signal^ 
which is inputted into an interference signal canceling 
apparatus according to the first embodiment of the present 
invention, ar{d a spreading code by which the received 

signal is sprlead, and FIG* 6 is a block diagram of the 

i 

major parts,' showing a' brief configuration of a 

correlation Value calculation section for the data 

1 



I 

I 

1 

I 
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20 



25 



14 

channel of ah int:er f erence signal canceling apparatus 
according tci tihe first: emboaiinent: of the present 
invention 

As shoxjrn in FIG. 5A -through I'XG . 5D, it is now assumed 
that there is |a possibility that received signals of four 
symbol rates; that is / those spread at four spreading 

factors which{are the spreading factor of 4 , the spreading 

1 

factor of Bf tjhe spreading factor of 16 and the spreading 
factor of 32 r\ are inputted into an interference signal 
canceling appjaratus ► That is / the specified four symbol 
rates are macie into candidates of the symbol rates of 
the received Signals, it is also assumed that spreading 
codes with respective spreading factors are obtained by 
repeating thJ spreading code with the lowest spreading 

15 factor (i-e.#! the highest symbol rate) among the four 

i 

codes, as sho^n in FXG*5a through FIG.5D. That is, where 
it is assumed that the spreading code of the spreading 
factor of 4 lsl"O011'' r the spreading code of the spreading 



factor of 8 isjmade into "0 0110 011" in which the spreading 
I 

code of the spjreading factor of 4 is repeated two times - 
I 

Hereinafter, } similarly, the spreading code of the 

i 

spreading fadtor of 16 is made into the spreading code 
in which the Ispreading code of the spreading factor of 



4 is repeated 
spreading fac 
which the spr 
is repeated e 



four times, and the spreading code of the 
tor of 32 is made into a spreading code in 
eading code of the spreading factor of 4 
ight times • 



I I 



I 

i 
I 

1 ^ 15 

I 

[ 
1 

Xn FijS. 6/ ae shown in PIG,5A, first, the 

i 

despreadxng ^ection 501 for a data channel carrxes out 

despraading Iwith respect to the received signals 

equivalent tcl> a length of one symbol at the spreaciing 
I 

5 factor of 4 wij.th a spreading code of the lowest spreading 
factor among jspreading factors having a possiJDility of 
toeing used, that is, the spreading code ''0011" of the 
spreading f acjtor of 4 » 

As desjcribed above, since the spreading code of 

I 

10 the spreading factor of 8 becomes a spreatiing code in 

I 

which a ^pre^ding code of the spreading factor of 4 is 

repeated two I times, the received signal equivalent to 

1 
( 

one symbol of! the spreading factor of 8 is equal to the 

1 

signal in whith received signals of the spreading factor 
15 of 4 are combined equivalent to two symbols. Therefore, 
combining twojsymbols resulting from the despreading with 

i 

the spreading| code with the spreading factor of 4 obtains 
a despread reisult of one symbol of a signal spread with 
the spreading code with the spreading factor of 8» 

20 Similarly, qomblning four symbols resulting from the 
despreading wfith the spreading code with the spreading 
factor of 4 ojbtains a despread result of one symbol of 
a s ignal spreajd with the spreading code with the spreading 
factor of 16, jand combining eight symbols resulting from 

25 the despreaiding with the spreading code with the spreading 
factor of 4 ojfatains a despread result of one symbol of 
a signal spread with the spreading code with the spreading 



t 
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15 



20 



25 



factor of 32 1 That Ls r if there are received signals 
equivalent tc^ a length of one symbol of the spreading 
factor of 4 , j it is possible to obtain the results of 
despreading equivalent to one symbol of the received 
5 signals that! are spread by four spreading factors, 
respectively . ; 

Theref jure / a despreading section 501 for a data 

i 

channel outptite the results which are obtained by 
despreading tLhe received signals by a spreading code 
^0011"' of the spreading factor of 4 , to 2-symbol combining 
section 502 / 4-symbol combining section 503 , and B-symbol 
combining section 504, respectively. Also, the 



despreading s 
results, whic 



ection 501 for a data channel outputs the 
ti are obtained by despreading the received 
signals by a Bj>reading code ^'OOll'^ of the spreading factor 
of 4 ^ to a decision section 505 and a selector 506 as 

■they are, ! 

i 

The 2-^ymbol combining section 502 combines the 
results, whi<f;h are obtained by despreading with a 
spreading cod^ of the spreading factor of 4, equivalent 
to two symboljs and generates the results that may be 
obtained by djespreading with a spreading code of ttie 

spreading facj;or of 8. Similarly, the 4-syiiibol combining 

I 

section 503 c<}>mbines the results, which are obtained by 
despreading with a spreading code of the spreading factor 
of 4, equivalent to four symbols and generates tlie results 
that may be ob'::ained by despreading with a spreading code 



1 
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10 



15 



20 



of t:he spread 
despr eading £l 
and selector 



of the spreading factor of 16 r and the a-symbol combining 
section 504 ciombines the results^ which, are oi>taxxied by 
despreading with a spreading code of the spreading factor 
of 4 r equivaleint to eight symbols and generates the results 
that may be obtained by despreading with a spreading code 
ing factor of 32. The combined results of 
re outputted to the decision section 505 
5 06 r respectively . 
Fiirther,- for example, a method disclosed in 
Japanese Unejtamined I^atent Application Wo . HEI 11-078454 
that was previously filed by the present inventor^ may 
be used as tjhe method for combining the results of 
despreading* the content thereof is described hereunder. 

rrhe de(2ision section 505 compares four results of 
that is / four correlation values), which 
from the despreading section 501 for a data 
channel and respective combining sections 502 through 
504 • Where th^ received signals are spread by a spreading 
reading factor of 4 , the correlation value 
le despreading section 501 for a data channel 



despreading ( 
are outputted 



code of the 
obtained by th 



becomes the kaximum of the four correlation values. 
Similarly, wt ere the received signals are spread by a 
spreading code of the spreading factor of 8^ the 



correlation \ 



correlation v 
by a spreadin 



alue that is obtained by the two-syiaboL 



25 combining section 502 becomes the maximum of the four 



alues , where the received signals are spread 
g code of the spreading factor of 16 , the 
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20 



25 



correlation '^alue that is obtained by the four-symbol 
combining sedtion 5 03 becomes the maximtim of the four 
correlation values, and where the received signals are 
spread by a spreading code of the spreading factor of 

5 3 2 the congelation value that is obtained by the 

I 

eight -symbol jcombining section 504 becomes the maximum 
of the four correlation values, 

Andr tie decision section 505 decides a symbol rate 
of the received signals by judging the correlation value 

10 that becomes the maximum of the four correlation values* 
In detail, for example, where the correlation value that 
has been obt4ined by the two-&ymbol combining section 
5 02 becomes tae maximum of the four correlation values, 
the decision section 505 decides that the symbol rate 

15 of the received signals is the second highest symbol rate 



of the symbol 



symbol rat© o 



rates, which become candidates. And, the 



decision sec:t:ion 505 outputs a signal indicating the 



f the received signals to the re-spreading 



The rj 
re- spreading 



section 208 ar^d selector 506 as a result of the decision. 

e-spreading section 208 carries out 
processing on the basis of a spreading code 
corresponding to the symbol rate that is decided by the 
decision section 505, and generates replica signals. The 

selector 506 (selects a correlation value corresponding 

I 

to the decidedl symbol rate, that is , the correlation value 
that becomes the maximum of the four correlation values 
and outputs it to the multiplier 204- 
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25 



Hereiir since -the above-described conventional 



interference 



the symbol rate of data channel signals until it receives 



TFCI of the CO 
no replica si 



signal canceling apparatus cannot decide 



[itroL channel signals equivalent to 15 slots , 
gnal can be generated until the TFCX of the 

control chandel signals equivalent to 15 slots is received. 

1 

Therefore, in the conventional interference signal 
canceling ap]?aratusj. a delay until the replica signals 
are generated becomes equivalent to at least one frame, 
and the dela:^ time is made very long- This results in 
a lowering iin the performance of radio receiving 
apparatus . 

However f the interference signal canceling 
apparatus according to the present invention does not 



I 



need contro 



1 Channel signals equivalent to 15 slots, and 



if only data c 
to one symbol 
the symbol ra 



hannel signal exists which is corresponding 
equivalent to the highest symbol rate among 
tes which have the possibility to be used, 
it is possiblje to decide the symbol rate of the received 
signals* That is, the interference signal canceling 
apparatus according to the present invention can generate 
replica signals if only data channel signal exists which 
is corresponding to one symbol equivalent to the highest 



symbol rate 



among the symbol rates which have the 
possibility to be used. Therefore, the interference 
signal canceling apparatus according to the present 



invention can 



remarkably shorten the delay time from input 



J 



i 



10 



25 



of the receiv 



20 



ed signal to generation of replica signals 
in comparisotl with the conventional interference signal 
canceling apparatus 



In det 
although in 



ail, where one frame consists of 15 slots, 
the conventional interference signal 
oanceiing ap]i>arat^s a symbol rate couldn't t>e decided 
until 15 slotfe were received, in the interference signal 
canceling apparatus according to the present invention, 
it is possibl s to decide the eymlool rate within the first 
one slot of t:he f rame ♦ Therefore, the above-described 
delay time c^n be shortened to at least one«f i£teenth 
with the conventional interference signal 
aratus. Further, since the time required 
mce signal canceling processing can be 



in compari-son 
canceling ap4> 
for interfer 



15 remarkably eriortened in line with a remarkable deci-ease 
in the delay time, the receiving perform.ance can be 
epoch-making]. y improved in comparison with the 
conventional [interference signal canceling apparatus - 
in addition, in the interference signal canceling 
20 apparatus according to the preaent invention, no TFCI 
of the control channel signal is required when deciding 
the symbol r£Lte» Therefore, since it is not necessary 
to add any TFCI to the control channel signals, the 
efficiency of the control channel signals 
ed. 



transmiss ion 
can be improv 



Also 



, kh 



e corre 



lation value calculation section 



301 for a dat 



a c 



hannel in the third stage has the same 



conf igurat:io:i and opera-tions as those of the correlation 
value calculation section 201 for a data channel in the 
first and second stages , except that the decision section 
505 does not output any,deGiBion result to the re-spreading 
Therefore/ overlapping description thereof 



section 208 
is omitted* 

Furtiie 
the decision 
symbol rate 



this embodiment is constructed so that 
section 505 outputs a signal indicating a 
as the result of decision- However, the 
embodiment ma^y be constructed so that, since the symbol 

rate and spr^adlxxg factor correspond to each other in 

I 

terms of 1 tcjt 1 (the spreading factor is increased in 

I 

line with a JJowering of the symbol rate) , the decision 

section 505 decides a spreading factor of the received 

I 

signal and oyitputs a signal indicating the spreading 
factor to the! re-spreading section 208 as the result of 



decision* in 



this case, the re-spreading section 208 



carries out re -spreading processing vrith a spreading code 

corresponding! to the decided spreading factor. 

I 

Also, tn this embodiment, a description was given 

i 

of the case !vhere the spreading codes of the lowest 
spreading rate (that is, the highest symbol rate) is 
repeated to ot^tain the spreading codes with the respective 
spreading f ac tors ♦ However , as long as the spreading codes 
of the respective spreading factor are already known, 
the interference signal canceling apparatus according 
to this embodiment can decide a symbol rate of the received 
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W 



10 



15 



20 



25 



signals even where the spreading codes of the lowest 
spreading fastor are not repeated. In this case, the 
interference signal canceling apparatus according to this 
embodiment chxi decide the symbol rates o£ the received 
signals by judging the spreading code, in which the 
correlation value becomes the maximum, after having 



despread thei received signals with the respective 

i 

already-known spreading codes corresponding to the 

respective s;i>iiibol rates. 

Thus,- with the interference signal canceling 

apparatus ancL the interference signal canceling method 

according to [this einbodiment , since replica signals are 
I 

generated by rje-spreading processing with spreading codes 

corresponding to the symbol rates decided prior to 

receiving a s^^^^-^ equivalent to one frame, it is possible 
I 

to remarkabl]^ shorten the delay time till generation of 



the replica s 



(Embodiment 2 



ignals 



> 



An interference signal canceling apparatus and an 
interference signal canceling method according to a 
second embodiment of the present invention decide a symbol 
rate of the re^ceived signals by comparing average values 
of the correl^ation values in a predetermined interval 

FIG . 7 {is a block diagram of the major parts , showing 
a brief configuration of a correlation value calculation 
section for the data channel of an interference signal 



10 



15 



20 



25 



average corre 



example,, one 
decides a symt 



predetermined 

TKus , 
apparatus and 



average value 
interval. It: 
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canceling apparatus accordiag to the second embodiment 
of the present: invention. Parts whicii are identical to 
those of the correlation value calculation section for 
a data channel, according to the first embodiment are given 
the same refSerence numbers, and detailed description 
thereof is oriitted ♦ 

Xn FIC, 7r averaging sections 601 through 604 
Lation values outputted from the despreading 
section 501 f<|r the data channel and respective combining 
sections 502 l:hrough 504 in a predetermined interval (for 
slot interval)* xhe decision section 505 
ol rate by comparing respective correlation 



values in cokpliance with the average values in the 



interval . 

with the interference signal canceling 
the interference signal canceling apparatus 
method according to a second embodiment^, the symbol rates 
of the received signals are decided by comparing the 
of correlation values in a predetermined 
is possible to improve the accuracy of 
correlation yalues to be compared. Therefore, it is 
possible to ijfaprove the accuracy of deciding the symbol 
rates - 

i 

( Embodiment 3 ) 

An int (irf erence signal canceling apparatus and an 
interference ignal canceling metnod according to a third 
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embodiment oi the present invention decide symbol irates 
of data chanikel signals based on correlation values of 
data channel signals that reach a threshold value, which 
is obtained by the correlation values of control channel 
signals 

FIG. 8 is a block diagramof thema jor parts , showing 
a brief conf j.guration of an iCU of the first stage and 
second stag<> of an Interference signal canceling 
apparatus acdording to a third embodiment of the present 
invention . 

FXG- 9 

a brief conf i 
section for t 



isablock diagram of thema jor parts , showing 
(juration of a correlation value calculation 
he data channel of an interference signal 
canceling api^aratus according to the third embodiment 
of the preserjt invention. Parts which are identical to 
s and the correlation value calculation 
a data channel according to the first 



those of ICU 
section for 



embodiment are given the same reference numbers, and a 



detailed desc 
In FIG 



ription thereof is omitted* 

8, a received signal is inputted into a 



correlation Value calculation section 701 for a data 
channel through an antenna 101 , and a result { a correlation 
value) of despreading^ which is obtained by the 
despreading slection 202 for a control channel is inputted 
thereinto . 

As shoW in FIG* 9, the correlation value that is 
obtained by 1:he despreading section 202 for a control 



25 



10 



15 



25 



channel is l4p^tted into a threshold value calculation 

! 

section 801 • ^^nce the ratio of a transmission power value 
of the data channel signal with respect to a transmission 
power value of a control channel signal is pi:eviously 
known,, it is possible to predict a 'correlation value of 
the data channel signal on the basis of the correlation 
value of the control channel signals Therefore, the 
threshold value calculation section 801 calculates a 
predicted coijrelation value of the data channel signal 
from the corn^lation value of the cont^rol channel signal 
in compliance with the ratio of the transmission power 
value set in advance, and outputs the predicted 
correlation value to a decision section 802 as the 
Lue- 

The decision section 802 decides the symbol rate 
of the received signals by judging the correlation value 
that becomes the maximuni of the four correlation values 
obtained by the despreading section 501 for a data channel 
and respecti-O-e combining sections 502 through 504 and 
20 has reached the above-described threshold value 
(predicted cc^rrelation value) . Therefore, in the case 
where the ! correlation value is smaller the 
above-descriJied threshold value although it becomes the 
maximum of the four correlation values, the correlation 
excluded from the decision. That is ^ the 
ion 802 does not decide the symbol rate of 
signals wbere the correlation value that 



threshold val 



value may be 
decision sect 
the received 



becomes the miximura is smaller t:han the above-described 



threshold val 
of the data chc 
Also , since t 



is decided, nc 
enabodiment , 
signals axe ge 



ae. That is, in a case where the reliability 
nnel signal is low, no symbol rate is decided, 
ho re-spreading section 208 cannot carry 



out any re-spreading processing unless the symbol rate 



replica signal is generated. Thus, in this 
the possibility that erroneous replica 
nerated on the basis of the received signals 
whose reliability is low may be excluded. 

Also, although, in this embodiment, the predicted 
correlation value itself is used as the threshold value, 
a value that is obtained by multiplying the predicted 
correlation vjalue by a predetermined value may be used 
as the thresh|)ld value. 

Thus, jwith the interference signal canceling 
apparatus andj the intexf ejrenco signal canceling method 
aocording to this embodiment, since the symbol rate of 



data channel 
correlation v 



ignals is decided on the basis of the 
alue of the data channel signals that has 



correlation v 



replica sign 
interf eirence 



reached the threshold value, which is obtained by the 



alue of the control channel signals, it is 



possible to e^tclude a possibility by which an erroneous 



al is generated. Therefore, with the 
signal canceling apparatus and the 
interference bignal canceling method according to this 
embodiment, s:.nce there is no case where any interf er^ence 
signal canceling processing is carried out on the fc>asis 



in 
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ot erroneous 
interference 
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replica signals^ the accuracy of the 
signal caaceling processing can be improved. 
Further^ the above-described second and third 
embodiments s^sty be employed in a combination thereof - 
in the first through third embodiments 
described abivo, a description was given of a radio 
communicatioTL system as an example^ in which a control 
channel is used separately from the data channel , However, 
the present ifivention is not limited to the example - That 
is , the interference signal canceling apparatus according 

to the first tjhrough third embodiments may be applicable 

I 

to a radio coajimunica t ion system in which communications 
are performed with control data inserted into the user 
data in a single channel. 

In additjion , in the first through third embodiments / 
a description was given of a parallel type interference 
signal canceling apparatus as an example. But/ the present 



invention may 
s ignal cancel 



be applicable to all types of interference 
ing apparatuses in which replica signals 
are generated, by re-spreading processing. That is ^ the 
present invelntion is applicable to a serial type 
signal canceling apparatus and a symbol 
interference signal canceling apparatus. 



interference 
ranking type 



Where the present invention is applied to the symbol 
25 ranking type interference signal canceling apparatus, 
the symbol-by|-symbol likelihood is calculated block by 
block where tjhe length of a symbol having the highest 
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interference 
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symbol rate smong communication partners is made into 
a block lengtm- Therefore, since the symbol ranking type 
signal canceling apparatus can calculate 
the likelihoo<^ even if the symbol rate is not clear, ranking 
processing ca]^ be carried out before receiving one frame. 
Accordingly^ iihe delay time from input of a received signal 
into the syiabol ranking type interference signal 
canceling appjaratus to commencement of symbol ranking 
processing can be remarkably shortened.. Also, the symbol 
10 ranking type interference signal. canceling apparatus can 
generate a replica signal prior to receiving one frame,. 



and the delay 



time till generation of the replica signal 



can be remarkably shortened. 

As deSjCribed above, according to the present 

i 

invention, thje delay till generation of replica signals 
can be reduced!, resulting in improvement of the receiving 

performance ojt a radio receiving apparatus • 

I 

This ari>plication is based on the Japanese Patent 
Application Nd. 2000-009268 filed on January 18, 2000, 
entire content of which is expressly incorporated by 
reference herein- 



Ap]3l 



pres 



industrial 
The 

station and a 
communication 
t:ime till gen 



er 



icability 

ent invention is applicable to a mobile 
base station, which are used in a mobile 
system. Where applicable, since the cielay 
ation of repXica signals can be remarkably 



t 
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shortened in 



a mobile station and a base station^ the 
jtreoeiving pQjrf ormanc e of the mobilet station and base 
station can bie improved. 



